We isolated three adenovirus 12 early region 1B mutants (in2O5B, in2O5C, and d1205) by ligation of the cleaved DNA-protein complex and transfection of human embryo kidney cells with the ligation products. These mutants could replicate efficiently in human embryo kidney or KB cells but showed markedly reduced transforming capacities both in vitro and in vivo. In cells infected with the mutants, the early region 1B gene was transcribed efficiently. In cells infected with in2O5B, the products corresponding to the early region lB-coded 19,000-molecular-weight polypeptide was detected by in vitro translation but not immunoprecipitated extract of labeled cells. In cells infected with in2O5C or d1205, the products corresponding to the same polypeptide were not detected by either in vitro translation or immunoprecipitation of labeled cell extracts. The results suggest that the 19,000-molecular-weight polypeptide encoded by early region 1B is required for cell transformation but not for viral propagation.
There have been many studies on early region 1B (E1B) gene functions of human adenoviruses. Some of the adenovirus 2 or 5 (Ad2 or AdS) mutants have been isolated as host range mutants with mutations on the E1B gene (11, 13, 26) . Most of these mutants can grow in 293 cells, Ad5-transformed human embryo kidney (HEK) cells (9) , but fail to grow in HeLa, HEK, or KB cells. Although some host range mutants can grow in HEK cells (11) , the results indicate that ElB gene products are required for the growth of viruses. The mutants also show much reduced capacities for transforming rodent cells (13, 23) .
When rodent cells are transfected with DNA fragments encompassing both ElA and EBB genes, the cells are transformed completely (8, 27, 28) . However, DNA fragments encompassing only the ElA gene transform cells only incompletely or partially (12, 24) . It is deduced from these observations that EBB gene products play an important role in the transformation of cells. DNA sequence data of the EBB gene reveal that there are at least two polypeptides encoded by EBB (19,000-molecular-weight [19K] and 54K polypeptides in Adl2) (3, 4, 16, 25, 29) . The smallest Adl2 DNA fragment capable of transforming rodent cells completely is the HindIII-G (0 to 6.8 map units) (22) . This fragment encompasses the whole ElA, the whole coding region for the 19K polypeptide, and the left-hand part of the coding region for the 54K polypeptide (3, 16, 25) . This observation suggests that the 19K polypeptide is required in the complete transformation of cells.
In this paper, we describe the isolation of Adl2 mutants with insertions or a deletion in the ElB-19K polypeptidecoding sequence of Adl2 and properties of the mutants for productive infection and cell transformation. The results show that these mutants have much reduced transforming capacities but are not defective in productive infection and suggest that the 19K polypeptide is required for cell transformation and not productive infection. MATERIALS (10) .
Nuclease S1 mapping of mRNA. The procedures were as described previously (1, 21 Mass.). The conditions were as specified by the supplier. The products were analyzed by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (17) or by two-dimensional gel electrophoresis (19) , and bands or spots of the products were detected by fluorography (2 The mutant plasmid DNAs were constructed as shown in Fig. 2 . Since the AccI site at 4.5 map units is located on the coding sequence for the ElB-19K polypeptide, we introduced mutations at this site. Plasmid pASC was modified to produce pINSB (insertion of 12 bp), pIN5C (insertion of 16 bp), and pDL5-6 (deletion of 175 bp).
These mutated plasmids (pIN5B, pINSC, and pDL5-6) were purified and amplified in E. coli. After cleavage with BglI and BstEII ( Fig. 1 Introduction of the insertions and the deletion in the EB1-coding sequence for the 19K polypeptide. Plasmid pASC was cleaved with Accl. The ends were converted to flush ends, resulting in the addition of 2 bp, and BamHI linkers (10 bp; CCGGATCCGG) were ligated to the ends. The products were cleaved with KpnI, Hindlll, and BamHI, and the two fragments (K-B and B-H) were isolated. Plasmid pASC was also cleaved with KpnI and HindIII, and the large fragment (K-H) was isolated. The ligation of these three fragments resulted in the formation of pIN5B, in which 12 bp was inserted into pASC. Next, pIN5B was cleaved with BamHI, and the cohesive ends were converted to flush ends. The product was circularized to produce pIN5C, in which the BamHI site was converted to the ClaI site, resulting in the insertion of 16 bp into pASC. As for the deletion mutant, pIN5B DNA was digested with KpnI and BamHI, and the smaller fragment (K-B) was isolated. The Sau3AI-HindIII fragment of pASC (S-H) was also isolated. These two fragments were inserted between the KpnI and HindIII site of pASC, resulting in the formation of pDL5-6, in which the sequence between the BamHI and Sau3AI sites of pIN5B was deleted (deletion of 175 bp compared with pASC). This could be done because the cohesive ends of DNAs cut with BamHI and Sau3AI were the same. Single capital letters indicate cleavage sites of restriction endonucleases: A, AccI; B, BamHl; C, ClaI; H, HindIll; K, KpnI; and S, Sau3AI. Symbols: ----, coding regions for the proteins: T-g, T antigen g encoded by ElA; 19K, the 19K polypeptide encoded by E1B; 54K, the 54K polypeptide encoded by E1B. Symbols for origins of sequences: e , Adl2 Sall-C; *z *, pBR322. viral DNA from each clone were examined by electrophoresis. The virus clones which contained expected insertions or deletions were selected and established as mutants after plaque purification in HEK cells (in205B from pIN5B, in205C from pIN5C, and d1205 from pDL5-6 (Fig. 3, lanes b and d) . Since in2O5B DNA was formed after the addition of BamHI linkers, the presence of the BamHI site was rational. As for d1205 DNA, since the ligation of BamHI site and Sau3AI site in in2O5B regenerated the BamHI site as deduced from the sequence date (3, 25) , the presence of a new BamHI site was also rational. Cleavage with ClaI showed that a new ClaI site was introduced instead of the BamHI site in in205C DNA (Fig. 3, lane g) . In d1205 DNA, the HindIII-G (2,320 bp; 0 to 6.8 map units) is a little shorter than that of WT DNA because of the deletion of 175 bp (Fig. 3, lane 1) hybrids by using a reticulocyte lysate system (Fig. 5) . The ElA 38 to 40K polypeptides and ElB-19K and -54K polypeptides, identified in previous reports (21a), could be discerned, although the pictures contain some backgrounds present in mock-infected cells (Fig. SB, panel e) . The E1B-19K polypeptide synthesized by in2O5B was a little larger in size with a more basic pl value (Fig. 5B, panels a and b) than that synthesized by WT virus. Since the mutation in in2O5B is expected to result in the insertion offour amino acids (ProAsp-Pro-Asp), this result is rational. As for the other two mutants, in2O5C and d1205, we could not detect any polypeptide corresponding to the 19K polypeptide. Since the reading frames of the 19K polypeptide were shifted by insertion or deletion in these mutants, the 19K polypeptide was expected to be a 3K polypeptide, which was too small to be detected in the gel. Since the products of the ElA and 54K polypeptide encoded by E1B were detected in the same cells, the results may not be due to unfavorable conditions for translation in our system. The 6 ). We could detect the 19K polypeptide distinctly in the extract from the cells infected with WT virus (Fig. 6 , panel a) (21a). However, we failed to detect polypeptides encoded by the ElB-19K polypeptide-coding sequences in extracts from all the cells infected with the mutants. In extracts from cells infected with in205C or d1205, the results can be explained by the fact that their sizes were too small to be detected (Fig.  6, panels c and d) . In the extract from cells infected with in205B, the failure to detect the 19K polypeptide was unexpected (Fig. 6, panel b) . There may be two possibilities to explain these results. One possibility is that the product is very unstable in KB cells, and the other is that the property of the product is changed so as not to be solubilized under the present condition. Further investigation will be required to solve the question.
Si mapping of mRNAs. It is shown in the preceding section that all three mutants are not defective in replication. To confirm whether the above notion is correct, we carried out Si mapping of viral mRNAs in permissive cells infected with the mutants (Fig. 7) . The results indicate that mRNA patterns at early and late stages in cells infected with the mutants were the same as those in cells infected with WT virus. Thus, transcriptional control is not affected by the mutation. Transformation of cells with mutants. The abilities of the mutants to transform rat 3Y1 cells were examined. As shown in Fig. 8 , the mutants could induce much reduced numbers of foci compared with those induced by WT virus.
We then subcultured the transformed cells from the foci and established transformed cell clones. The ability of cells in each clone to grow in soft agar medium was tested. As shown in Table 2 , most of the transformed cell clones induced by the mutants failed to form colonies in soft agar medium, whereas most of those induced by WT virus could grow to form colonies of distinct sizes in soft agar medium. These results indicate that both the frequency of cell transformation and the phenotype of transformed cells were different between the mutants and the WT virus.
Next, tumor formation in vivo was assayed. The virus suspensions were injected subcutaneously into baby ham-
,r 1 76OUb :Jl i; sters. As shown in Table 3 The first mutant, in205B, has an insertion of 12 bp (4 amino acids, in frame) at the AccI site (4.5 map units). The second mutant has an insertion of 16 bp (frame shift) at the same site. The third mutant, d1205, has a deletion of 175 bp (sequence between 4.5 and 5.1 map units; frame shift). From sequence data, it is expected that in205B will produce a longer (4 amino acids) polypeptide and that in205C and d1205 will produce polypeptides that are as small as 3K, instead of the ElB-coded 19K polypeptide detected in WT-infected cells (Fig. 4) .
After and very low frequencies of tumor induction in hamsters. The process of cell transformation by virus may be divided into the initiation of cell transformation and the maintenance of the transformed phenotype. Although inefficient, the mutants induce the foci of transformed cells (nondefective in initiation). Some of the foci induced by the mutants became flat again during the observation period, resulting in the disappearance of the foci (nondefective in initiation and defective in maintenance). The cells transformed with the mutants formed no or poor colonies in soft agar cultures, although they formed foci efficiently. This suggests the necessity of a phenotype for colony formation in addition to the phenotype for focus formation. The mutants formed tumors very inefficiently in hamsters. These observations can be explained by a supposition that the ElB-coded 19K polypeptide is involved in the maintenance of the transformed phenotype. Further studies are required to substantiate this supposition.
